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cavity hydraulic pressure, resulting in radial ring expansion.
Ring expansion 1s both mnward toward a plunger and, simul-
taneously, outward toward its packing box. Inward expansion
tends to seal the extrusion gap, while outward expansion
improves heat transfer via the ring from plunger to packing
box. Periodic reduction of pumped fluid pressure tends to
reverse radial ring expansion. Thus, relatively more effective
sealing and heat transtfer functions occur as apump’s pressure
stroke increases pumped fluid pressure. And sealing 1s attenu-
ated between pressure strokes to reduce both frictional ring
wear and heat generation.

20 Claims, 3 Drawing Sheets
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Figure 1
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PLUNGER SEAL RING

FIELD OF THE INVENTION

The vention relates generally to plunger pumps, and
more specifically to the plunger packing assemblies installed
to reduce leakage around the plunger(s) of such pumps.

BACKGROUND

Certain plunger pumps, such as those for o1l field use, are
typically designed 1n two sections, the (proximal) power sec-
tion (herein “power end”) and the (distal ) fluid section (herein
“fluid end”). The power end usually comprises a crankshaft,
reduction gears, bearings, connecting rods, crossheads, cross-
head extension rods, etc. The fluid end of a plunger pump
comprises a housing which 1n turn comprises one or more
functional units, each functional unit comprising a suction
valve, a discharge valve, a plunger bore, and a plunger, plus
plunger packing assemblies, high-pressure seals, etc.

Conventional plunger pumps employ a housing member
(herein a packing box) containing plunger packing assem-
blies analogous to packing assemblies shown 1n U.S. Pat. No.
4,572,519, incorporated herein by reference and referred to
subsequently as the *519 patent. Withun a packing assembly
one or more packing rings having corresponding chevron-
shaped ends are retained and compressed between a proximal
brass (or bronze) adapter ring and a distal adapter ring.

The packing rings have chevron-shaped ends (sometimes
termed “chevron-shaped packing rings™) and are relatively
stiff, comprising, for example, layered fabric-reinforced rub-
ber. Each ring end’s chevron shape arises from a concave or
convex circumierential feature which 1s an extension of their
layered construction, allowing modest radial expansion under
longitudinal compression to achieve a tight seal around a
plunger. Longitudinal compression force, in turn, 1s provided
by a gland nut and by the cyclically increased pressure of the
pumped fluid.

Turning the gland nut adjusts longitudinal preload (i.e.,
longitudinal compressive force) that 1s applied to the packing
ring(s) to prevent excessive cyclic movement under load and
to achieve a desired seal around the plunger. But even after
reducing longitudinal preload to zero by backing out the
gland nut, packing rings typically remain tightly sealed
around the plunger because of their stifiness. Thus, the
plunger must virtually always be withdrawn from the packmg
box to allow removal of the packing ring(s), as may be
required during pump maintenance. Plunger withdrawal,
however, 1s generally difficult because of interference
between the plunger and various power end components.

The above maintenance 1ssues arise in conventional
plunger pumps because designers make the packing rings
relatively stiff, while still flexible enough under longitudinal
compression to achieve a tight seal around the plunger. Seal-
ing against fluid leakage, however, requires that the packing
rings substantially retain their functional (chevron) end
shape. Such shape retention becomes progressively more dif-
ficult as frictional heat developed during pump operation
soitens the packing rings and predisposes them to extrusion
under pressure through a gap (the extrusion gap) between the
proximal adapter ring and the plunger.

A contlict thus arises when packing ring compression 1s
increased. Increased compression may help to improve the
plunger seal as well as to reduce migration of the packing ring,
material through the extrusion gap. But increased compres-
sion of the packing rings also results 1n generation of addi-
tional frictional heating that degrades the rings’ functional
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integrity. Since dissipating this heat within the confines of the
packing box 1s difficult, high pressure plunger pumps are

often limited to relatively short periods of operation (e.g., no
more than a few hours) to limit extrusion of the packing ring
material through the extrusion gap. If pump run times are
extended, packing rings tend to overheat and fail prematurely.

The above contlict has been partially resolved by replacing
the proximal bronze adapter ring with a proximal adapter ring
comprising PEEK polymer in certain seals. PEEK (poly-
ctheretherketone) 1s a high performance thermoplastic, a por-
tion of which moves radially inward under longitudinal com-
pression, tending to narrow the extrusion gap. Such radial
inward (gap-narrowing) movement 1s termed ° elongation 1n
industry advertlsmg and 1s said to be more prominent in a
PEEK adapter ring than in an analogous bronze adapter rmg
While the use of commercially-available PEEK adapter rings
appears to increase plunger packing service life, frictional
wear and heat generation problems remain.

SUMMARY OF THE INVENTION

One or more elastomeric multifunction rings augment a
plunger packing assembly within a plunger pump packing
box. Each ring comprises a totally-enclosed circumierential
tubular cavity filled with a fluild medium which transmits
hydraulic pressure throughout the tubular cavity. Longitudi-
nal ring compression secondary to pumped fluid pressure acts
through the compliance of each ring to increase tubular cavity
hydraulic pressure, resulting 1n radial rning expansion. Thus,
the effective radial expansion (1.e., “elongation™) of an elas-
tomeric multifunction ring of the invention 1s increased by the
ring’s internal hydraulic pressure. Such increased effective
radial expansion 1s not seen 1n a ring that lacks a totally-
enclosed, fluid-filled circumierential tubular cavity.

Elastomeric multifunction ring expansion 1s both mward
toward a plunger and, simultaneously, outward toward its
packing box. Inward expansion tends to seal the extrusion
gap, while outward expansion improves heat transier via the
ring from plunger to packing box. Conversely, periodic
reduction of pumped tluid pressure tends to reverse radial ring
expansion.

Note that relatively more effective sealing and heat transfer
functions occur as a pump’s pressure stroke increases
pumped fluid pressure, when these functions are most
needed. And sealing 1s attenuated between pressure strokes to
reduce both frictional ring wear and heat generation, thereby
prolonging service life.

To assist understanding of the mvention, first, second and
third embodiments are discussed only as illustrative
examples. In a first invention embodiment, a circular elasto-
meric multifunction ring symmetrical about a longitudinal
axis has a first end, a second end, a cylindrical inner surface,
a cylindrical outer surface, and a totally-enclosed circumfer-
ential tubular cavity. The tubular cavity 1s filled with a fluid
medium for transtferring heat and for transmitting hydraulic
pressure throughout the tubular cavity. The elastomeric mul-
tifunction ring comprises at least one thermoplastic polymer,
the tubular cavity 1s spaced equidistant from the inner surface
and the outer surface, and at least the first ring end comprises
a chevron-shaped circumierential feature. Equidistant spac-
ing of the tubular cavity from the inner surface and the outer
surface ensures that longitudinal compression of a circular
clastomeric multifunction ring results 1 uniformly sym-
metrical (longitudinal) shorteming of the ring.

The first embodiment’s fluid medium may comprise min-
eral o1l, which may additionally comprise nanoparticles (e.g.,
metallic nanoparticles) to enhance heat transfer. Nanopar-
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ticles may comprise, for example, copper, beryllium, tita-
nium, nickel, iron, alloys or blends thereot, and carbon. The
term nanoparticle may convemently be defined as including
particles having an average size of up to about 2000 nm. See,
e.g., U.S. Pat. No. 6,432,320 B1, icorporated herein by
reference and referred to subsequently as the 320 patent. The

thermoplastic polymer may comprise polyaryletherketone
(PAEK), for example, polyetheretherketone (PEEK). See,
e.g., U.S. Pat. No. 7,847,057 B2, incorporated here by refer-

ence and referred to subsequently as the *057 patent.

In a second invention embodiment a circular elastomeric
multifunction ring symmetrical about a longitudinal axis has
a first end, a second end, a cylindrical inner surface, a cylin-
drical outer surface, and a totally-enclosed circumierential
tubular cavity, the tubular cavity being filled with a fluid
medium for transferring heat and for transmitting hydraulic
pressure throughout said tubular cavity.

The second embodiment’s fluild medium may comprise
mineral o1l, and may additionally comprise nanoparticles
(e.g., metallic nanoparticles) to enhance heat transfer. Nano-
particles may comprise, for example, copper, beryllium, tita-
nium, nickel, iron, alloys or blends thereot, and carbon. The
term nanoparticle may convemently be defined as including
particles having an average size of up to about 2000 nm. See,
e.g., the 320 patent. The elastomeric multifunction ring may
comprise polyaryletherketone (PAEK), for example, poly-
ctheretherketone (PEEK). See, e.g., the 057 patent.

In a third invention embodiment of the invention a circular
clastomeric multifunction ring symmetrical about a longitu-
dinal axis has a first end, a second end, a cylindrical inner
surface, a cylindrical outer surface, and a totally-enclosed
circumierential tubular cavity, the tubular cavity being filled
with a fluid medium for transferring heat and for transmitting,
hydraulic pressure throughout said tubular cavity. The first
end 1s plane and the second end comprises a concave chevron-
shaped circumierential feature.

The third embodiment’s fluid medium may comprise min-
eral o1l, and may additionally comprise nanoparticles (e.g.,
metallic nanoparticles) to enhance heat transfer. Nanopar-
ticles may comprise, for example, copper, beryllium, tita-
nium, nickel, 1rron, alloys or blends thereotf, and carbon. The
term nanoparticle may convemently be defined as including
particles having an average size ol up to about 2000 nm. See,
¢.g., the 320 patent. The elastomeric multifunction ring may
comprise polyaryletherketone (PAEK), for example, poly-
ctheretherketone (PEEK). See, ¢.g., the 057 patent

Note that the invention includes a plunger packing assem-
bly comprising at least one circular elastomeric multifunction
ring of the first, second and/or third embodiment, as well as a
plunger pump which comprises at least one such plunger
packing assembly.

Pressurization of a plunger packing assembly 1s generally
a combination of static and dynamic forces. Static pressur-
1zation can result from tightening a packing gland nut, while
dynamic pressurization can result from pressurized pumped
fluid (e.g., during periodic pump pressure strokes). Either
static or dynamic pressurization of plunger packing tends to
cause longitudinal compression of the elastomeric multifunc-
tion ring(s) present in the plunger packing assembly. The
result 1s uniformly symmetrical radial expansion of the elas-
tomeric multifunction ring against both a plunger and its
packing box. Longitudinal compressive force thus applied to
an elastomeric multifunction ring 1s mediated via the chev-
ron-shaped packing ring(s) lying between the elastomeric
multifunction ring and the pumped fluid. Thus the dynamic
response of a plunger packing assembly as a whole may be

10

15

20

25

30

35

40

45

50

55

60

65

4

altered by changing the compliance of the chevron-shaped
packing rings and/or their coelificient of friction with the
plunger and packing box.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a 3-dimensional partial cross-sectional view of a
plunger seal ring schematically illustrating a plane end, a
circumierential tubular cavity, and an end having a chevron-
shaped (concave) circumierential feature.

FIG. 2 1s an mverted 3-dimensional partial cross-sectional
view of the plunger seal ring schematically 1llustrated in FIG.
1, the view showing the chevron-shaped (concave) circum-
terential feature more completely.

FIG. 3 1s an instantaneous 3-dimensional partial cross-
sectional view of a fluid medium additionally comprising
nanoparticles, the view schematically illustrating that the

shape of the fluid medium within the circumierential tubular
cavity of FIG. 1 or FIG. 2 closely reflects the shape of the
circumierential tubular cavity of FIG. 1 or FIG. 2.

DETAILED DESCRIPTION

FIGS. 1 and 2 show difierent schematic views of a circular
clastomeric multifunction ring 10 of the invention, which 1s
further described below. FIG. 3 refers to a schematic repre-
sentation of the instantaneous shape of fluid medium 17 as it
lies within circumierential tubular cavity 14 of ring 10. Note
that the instantaneous spatial configuration 15 of fluid
medium 17 as shown 1n FIG. 3 conforms closely to the inte-
rior of tubular cavity 14 as shown schematically in FIGS. 1
and 2. Such close conformation ensures that fluid medium 17
will umiformly transmit hydraulic pressure arising in any
portion of tubular cavity 14 (as, for example, resulting from
longitudinal compression of ring 10).

In a first invention embodiment, a circular elastomeric
multifunction ring 10 symmetrical about a longitudinal axis
has a first end 11, a second end 20, a cylindrical inner surface
16, a cylindrical outer surface 18, and a totally-enclosed
circumierential tubular cavity 14. Tubular cavity 14 contains
a fluid medium 17 for transierring heat and for transmitting
hydraulic pressure throughout tubular cavity 14. Ring 10 in
this embodiment comprises at least one thermoplastic poly-
mer, and tubular cavity 14 1s spaced equidistant from inner
surface 16 and outer surface 18, and at least first end 11
comprises a chevron-shaped (concave) circumierential fea-
ture 12.

The first embodiment’s fluid medium 17 may comprise
mineral o1l to which may be added metallic nanoparticles 19
which are generally invisible to the eye as they are dispersed
in a colloidal suspension which 1s schematically illustrated by
the indicated cross-sectional pattern associated with the
nanoparticle label 19 in FIG. 3. Nanoparticles 19 comprise,
for example, copper, beryllium, titanium, mickel, 1ron, alloys
or blends thereof, and carbon. The term nanoparticle may
conveniently be defined as including particles having an aver-
age size of up to about 2000 nm. The thermoplastic polymer
of ring 10 may comprise polyaryletherketone (PAEK), for
example, polyetheretherketone (PEEK).

In a second embodiment of the invention a circular elasto-
meric multifunction ring 10 1s symmetrical about a longitu-
dinal axis and has a first end 11, a second end 20, a cylindrical
inner surface 16, a cylindrical outer surface 18, and a totally-
enclosed circumierential tubular cavity 14, tubular cavity 14
containing a fluid medium 17 for transierring heat and for
transmitting hydraulic pressure throughout tubular cavity 14.
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The second embodiment’s fluid medium 17 may comprise
mineral o1l to which may be added metallic nanoparticles 19
(schematically illustrated 1n FI1G. 3 as described above) com-
prising, for example, copper, beryllium, titanium, nickel,
iron, alloys or blends thereof, and carbon. The term nanopar-
ticle may conveniently be defined as including particles hav-
ing an average size of up to about 2000 nm.

In a third embodiment of the 1nvention a circular elasto-
meric multifunction ring 10 symmetrical about a longitudinal
axis has a first end 11, a second end 20, a cylindrical inner
surface 16, a cylindrical outer surface 18, and a totally-en-
closed circumierential tubular cavity 14, tubular cavity 14
contaiming a fluid medium 17 for transferring heat and for
transmitting hydraulic pressure throughout said tubular cav-
ity. The first end 1s plane and the second end comprises a
chevron-shaped (concave) circumierential feature 12.

In addition to the first, second and third example embodi-
ments, still other alternative invention embodiments exist.
For example, a plunger packing assembly may comprise a
plurality of elastomeric multifunction rings of the invention
interspersed with (for example, arranged alternately with)
rubberized fabric or analogous chevron-shaped plunger pack-
ing rings. Note that chevron-shaped plunger packing rings as
described herein are packing rings having at least one end
(and frequently both ends) comprising a substantially convex
circumierential feature or a substantially concave circumier-
ential feature.

Such mnterspersed plunger packing assembly embodiments
thus have a plurality of extrusion gaps (1.€., one extrusion gap
associated with each elastomeric multifunction ring of the
invention) when installed over a plunger 1n a pump. During a
pump pressure stroke, the pumped tluid pressure will then be
distributed over the longitudinal dimension of the plunger
packing assembly, with partial pressure differentials associ-
ated with each extrusion gap and the adjacent rubberized
fabric or analogous chevron-shaped packing ring(s). While
the total of the instantaneous partial pressure differentials at a
given time approximates the total instantaneous pressure of
the pumped fluid at that given time, the 1instantaneous partial
pressure differential associated with each extrusion gap will
only be a fraction of the total pumped fluid pressure. Thus, the
amounts of seal extrusion as well as frictional heating and
wear associated with each such extrusion gap within the
plunger packing assembly are reduced. Since both heat gen-
cration and heat scavenging are distributed over a longitudi-
nal dimension of such a plunger packing assembly as a whole,
maximum temperatures experienced by the plunger packing
assembly (and corresponding temperature-related damage)
are reduced.

Note that an elastomeric plunger packing ring of the imnven-
tion may be molded 1n corresponding mating portions which

are then laser welded together using techniques well known to
those skilled in the art. The mating portions are chosen to
reflect the disclosure herein. See, e.g., the 057 patent and
U.S. Pat. No. 3,617,389 (incorporated hereimn by reference).
Following the welding step, one or more holes may be drilled
to access the interior tubular cavity, with subsequent filling of
the tubular cavity with fluid medium and, 11 desired, nanopar-
ticles. Subsequent welding closure of the drilled access holes
will yield a circular elastomeric multifunction ring substan-
tially as described herein.

Note also that the fluid medium within a circular elasto-
meric multifunction ring of the mvention may be maintained
(e.g., by temperature control) 1 a sufliciently solid state
during ring fabrication to permit use of rapid-prototyping
(1.e., layer-wise) techniques. Such techniques may obviate
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the fluid-filling step above. See, e.g., the 057 patent and U.S.
Pat. No. 3,617,589, incorporated herein by reference.

What 1s claimed 1s:

1. A circular elastomeric multifunction ring symmetrical
about a longitudinal axis and having a first end, a second end,
a cylindrical inner surface, a cylindrical outer surface, and a
totally-enclosed circumierential tubular cavity, said tubular
cavity filled with a liquid fluid medium for transferring heat
and for transmitting hydraulic pressure throughout said tubu-
lar cavity;

wherein said elastomeric multifunction ring comprises at

least one thermoplastic polymer;

wherein said tubular cavity 1s spaced equidistant from said

inner surface and said outer surface; and

wherein at least said first end comprises a chevron-shaped

circumierential feature.

2. The circular elastomeric multifunction ring of claim 1
wherein said fluid medium comprises mineral oil.

3. The circular elastomeric multifunction ring of claim 2
wherein said fluid medium additionally comprises nanopar-
ticles.

4. The circular elastomeric multifunction ring of claim 3
wherein said nanoparticles comprise metallic nanoparticles
having an average size of up to about 2000 nm.

5. The circular elastomeric multifunction ring of claim 1
wherein said thermoplastic polymer comprises pol-
yaryletherketone.

6. A plunger packing assembly comprising at least one
circular elastomeric multifunction ring of claim 1.

7. A pump comprising at least one plunger packing assem-
bly of claim 6.

8. A circular elastomeric multifunction ring symmetrical
about a longitudinal axis and having a first end, a second end,
a cylindrical inner surface, a cylindrical outer surface, and a
totally-enclosed circumierential tubular cavity, said tubular
cavity filled with a liquid fluid medium for transferring heat
and for transmitting hydraulic pressure throughout said tubu-
lar cavity;

wherein said tubular cavity 1s spaced equidistant from said

inner surface and said outer surface; and

wherein at least said first end comprises a chevron-shaped

circumierential feature.

9. The elastomeric multifunction ring of claim 8 wherein
said fluid medium comprises mineral oil.

10. The elastomeric multifunction ring of claim 9 wherein
said fluid medium additionally comprises nanoparticles.

11. The elastomeric multifunction ring of claim 10 wherein
said nanoparticles comprise metallic nanoparticles having an
average size of up to about 2000 nm.

12. The elastomeric multifunction ring of claim 8 compris-
ing polyaryletherketone.

13. A plunger packing assembly comprising at least one
circular elastomeric multifunction ring of claim 8.

14. A pump comprising at least one plunger packing
assembly of claim 13.

15. A circular elastomeric multifunction ring symmetrical
about a longitudinal axis and having a first end, a second end,
a cylindrical inner surface, a cylindrical outer surface, and a
totally-enclosed circumierential tubular cavity, said tubular
cavity filled with a liquid fluid medium for transferring heat
and for transmitting hydraulic pressure throughout said tubu-
lar cavity;
wherein said first end 1s plane;
wherein said second end comprises a concave chevron-

shaped circumierential feature; and
wherein said tubular cavity 1s spaced equidistant from said

inner surface and said outer surface.
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16. The elastomeric multitunction ring of claim 15 wherein
said fluid medium comprises mineral oil.

17. The elastomeric multifunction ring of claim 16 wherein
said fluid medium additionally comprises nanoparticles.

18. The elastomeric multitunction ring of claim 17 wherein
said nanoparticles comprise metallic nanoparticles have an
average size of up to about 2000 nm.

5
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19. A plunger packing assembly comprising at least one
circular elastomeric multifunction ring of claim 15.

20. A pump comprising at least one plunger packing
assembly of claim 19.
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